By exploiting polarization correlations of light from a broadband fiber-based amplified spontaneous emission source we succeed in reconstructing a hidden polarization in a ghost polarimetry experiment in close analogy to ghost imaging and ghost spectroscopy. Thereby, an original linear polarization state in the object arm of a Mach-Zehnder interferometer configuration which has been camouflaged by a subsequent depolarizer is recovered by correlating it with light from a reference beam. The variation of a linear polarizer placed inside the reference beam results in a Malus law type second-order intensity correlation with high contrast, thus measuring a ghost polarigram. Ghost imaging (GI) modalities [1] [2] [3] [4] [5] in the framework of spatial ghost imaging [6] [7] [8] , temporal ghost imaging [9] [10] [11] [12] , and ghost spectroscopy (GS) [13, 14] are modalities exploiting photon correlations in the spatial, temporal, or spectral domains, respectively. The correlation can either be realized in the quantum domain with entangled photons [6, 13] or in the classical domain by exploiting photon bunching of thermal light sources [7, 15, 16] . Particularly interesting are amplified spontaneous emission (ASE) sources as semiconductor-based superluminescent diodes [17] [18] [19] [20] [21] or fiber-based amplifiers. The successful implementation of this ASE concepts in ghost imaging modalities has been demonstrated recently [18] [19] [20] [21] . Though ghost imaging was successfully introduced already in 1995 [6] , there is still a vivid and perpetual discussion on the superiority and the unique advantages of ghost modalities exploiting photon correlations [22] against noncorrelation methods accompanied by the search for specific applications which demonstrate these benefits [23] . In ghost imaging, the superiority in turbulent or challenging environments introduced into the object arm has been suggested and already demonstrated [24] [25] [26] [27] [28] ; in GS such a proof is yet awaiting. Here in this Letter, we move into the polarization domain [29] . Polarization is an important variable in quantum communication schemes and having a high fidelity in the degree of polarization (DoP) is ultimately requested for any successful communication scheme [30] . Either intentional attacks or more natural depolarization mechanisms as in free-space or in fibers with polarization mode dispersion ultimately limit the performance. Therefore, there is the interesting question if after destruction or camouflage of an original state of polarization thus making it invisible to direct detection schemes, this camouflaged state of polarization can be eventually retrieved by intensity correlation techniques in the polarization domain, i.e., ghost polarimetry (GP).
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Here, we demonstrate that a linear state of polarization prepared in the object arm out of unpolarized light emitted from a broadband fiber-based ASE source and subsequently camouflaged by a depolarizer can indeed be successfully recovered by correlating it with linearly polarized light from the reference arm. By varying the polarization angle of the reference arm polarizer a Malus law dependence of the second-order correlation coefficient is found exhibiting the well-known cos 2 θ dependence with high fidelity. These second-order intensity correlations as a function of polarizer angle in the reference arm-in the framework of Malus law-are the equivalent of spatial point-to-point correlations in GI or spectral lambda-lambda correlations in GS [21] . This allows us to understand the functionality of a ghost polarimetry experiment.
Experimental Setup: We used a standard classical ghost imaging setup, as shown in Fig. 1 . A beam splitter divides the unpolarized amplified spontaneous emission light with a central wavelength at 1534 nm from an erbium-doped fiber amplifier (EDFA) into a reference arm and an object arm, respectively. Behind the beam splitter a linear polarizer with fixed polarization (θ obj ) and eventually a depolarizer (DEP) are introduced into the object arm whereas a rotatable polarizer (θ ref ) is placed in the reference arm. The light of each arm is individually coupled into polarization-controllable fibers and after superposition by a fiber coupler is directed to a photomultiplier tube (PMT) operated in two-photon absorption (TPA) mode [31] . Together with a motorized delay stage (delay time τ) in the object arm this allows for determining the TPA interferogram in terms of the TPA-PMT photocurrent I TPA τ functionG 2 τ [31] from which the secondorder intensity correlation G 2 τ between the object and reference arms is evaluated [31] :
Normalization of G 2 τ by dividing by the G 2 value at very large delay τ ≫ τ c , with τ c as the first-order coherence time yields finally the normalized second-order intensity correlation coefficient g 2 τ G 2 τ∕G 2 τ ≫ τ c [31] . Results and Discussion: Prior to the ghost polarimetry experiments we checked for correct intensity dynamics operation of the interferometer and the detection scheme as well as for polarization (in)sensitivity of the correlation measurements. For verifying the linear operation of the correlation interferometer, we varied the intensity ratio I obj ∕I ref between the object and reference arms by introducing a variable neutral density filter into the reference arm and keeping the intensity I obj constant. For intensity ratios I obj ∕I ref between 10 −2 and 1, we found g 2 τ values equal to 1.46 0.04 and 2.03 0.09 when injecting unpolarized light directly from the EDFA source with a degree of polarization DoP 0.05 and fully linearly polarized (DoP 1.0) light, respectively. The DoP values had been both obtained by a Stokes parameter analysis [32] . These central correlation coefficient values g 2 τ 0 are in accordance with theoretical values of g 2 τ 0; DoP 3∕2 1∕2 · DoP 2 resulting in expected values of g 2 τ 0 pol of 2.0 and g 2 τ 0 unpol of 1.5, respectively [33] . We could even observe these characteristic g 2 τ 0 values for intensity ratios I obj ∕I ref down to 10 −4 , however with increased error bars for g 2 τ 0 of up to 0.2. We then verified the proper TPA signal of the PMT in respect of the polarization constellations of the light in the two arms, subsequently impinging on the TPA-PMT where the fiber polarization controllers realized various linear polarization states between 90°(vertical V) and 0°(horizontal H). Figure 2 (top) shows the TPA interferograms, i.e., the photocurrent of the TPA-PMT for the case of parallel polarization of the reference and object arms and Fig. 2 (bottom) depicts the results for the case of the polarizations of both arms being orthogonal to each other, respectively. The latter realization of these polarization constellations was performed by selecting parallel polarizations in both arms and using the polarization-controlling element in the object arm to rotate this linear polarization by 90°. According to the inference laws of Fresnel and Arago, first-order interference is only observed for parallel polarization [34, 35] . The insets with an enlargement of both interferograms show this clearly where only very small first-order interference fringes visible as small peaks are present for orthogonal polarization (bottom part of Fig. 2 ). Low-pass filtering both interferograms assuming the same cutoff frequency yields the low-pass filtered TPA-PMT photocurrent I TPA τ from which together with Eq. (1) and after normalization of the second-order correlation coefficients g 2 τ can be calculated, which are depicted as red curves for both cases in Fig. 2 . The important outcome is that even though the interferogram traces are smaller for orthogonal polarization than for parallel polarization, the central second-order correlation coefficient at τ 0, i.e., g 2 τ 0 amounts to g 2 para τ 0 2.00 0.04 and g 2 orth τ 0 2.03 0.03, respectively. Therefore, from this point onwards we do not take care about modifications of the polarization in the fibers because it has no effect on the g 2 values. These results of the independency of the central second-order correlation values on the polarization in the interferometer arms [36, 37] and thus the preservation of photon bunching with high degree assure the functionality of our GP scheme for retrieving a hidden or really camouflaged polarization
We then place a linear polarizer at 90°(V-polarization) in the object arm. A linear polarizer in the reference arm is rotated from 0°to 180°in steps of 10°and we measured g 2 τ; θ. Figure 3 shows in red the result of these polarization-angle correlations of the ghost polarimetry experiment in terms of g 2 τ; θ as a function of the analyzer angle θ. Also shown are results of a standard direct intensity measurement in green performed with a germanium photodiode directly behind the polarization analyzer, which has been placed behind the object arm polarizer. One can observe second-order correlation coefficients between (g 2 ≈ 1.1) and (g 2 ≈ 2.0). This nearly full-scale variation of the normalized polarization-polarization correlation coefficient g 2 values from no correlation (g 2 ≈ 1) to a thermal photon-bunching behavior (g 2 ≈ 2) reveals a remarkable degree of polarization-dependent intensity correlations of the emitted light from the ASE source. A cos 2 fit to the g 2 θ ref -data traces accurately the experimental values of the direct polarization measurements. Both curves exhibit a Malus law dependence according to I Malus θ I 0 · cos 2 θ − θ 0 and g 2 τ 0; θ ∝ cos 2 θ − θ 0 , respectively, with θ 0 91.1 0.04°for the direct polarization measurement case and with θ 0 87.1 0.6°for the second-order correlation case. Thus, both results are reflecting the original 90°polarization with high contrast or fidelity.
We then applied a polarization scrambling procedure, some type of polarization turbulence onto the linear polarization state in the object arm by introducing a liquid crystal DEP into the beam behind the polarizer. The polarization results are now depicted in Fig. 4 . Figure 4 shows in green again a direct standard measurement of the intensity Iθ with a rotated analyzer. The direct measurement no longer shows any reminiscence of Malus law, i.e., absolutely no linear polarization. Even when enlarging the results (top of Fig. 4 ) no conclusion on the correct original linear polarization at 90°can be drawn and only a weak modulation with I max 1.000 and I min 0.992 can be recognized, however displaced from 90°(V). These I max and I min values result in a contrast C I max − I min ∕I max I min of C 0.004. In contrast, the ghost polarimetry correlation results, i.e., g 2 τ; θ shown in red in Fig. 4 , clearly reflect the original linear polarization state with nearly unobstructed fidelity with g Fig. 3) , which exhibits the linear polarization at 90°. These ghost polarimetry results obtained in the framework of polarization correlations clearly demonstrate that our realized classical GP experiment exploiting polarization-polarization correlations of correlated classical photons enables the recovery of a hidden polarization, thus assuring the functionality of GP.
We would like now to discuss the performed GP experiments in the framework of analogies to GI and GS [14, 21] . In GI spatially broadband light illuminates the amplitude object and is detected with a non-resolving bucked detector. The spatial resolution is performed within the reference arm and then both intensities are correlated with each other [21] . The same analogy holds for classical ghost spectroscopy where a spectrally broadband source exhibiting spectral correlations is exploited [14] . The setup can be considered as replacing the spatial variables by spectral variables and the spatial resolution of the scanning aperture in the reference arm by a grating or a tunable filter.
Here in GP, we illuminate with polarization-broad light, i.e., unpolarized light, place a polarization object into the object arm, and detect the reference arm light with polarization resolution. The polarizer in the reference projects one polarization out of the unpolarized reference beam and subsequently the correlations between both beams are determined. A remarkable difference in the three techniques lies in the fact that spatial coordinates and wavelengths are scalars decaying quite fast on the corresponding spatial scale as point-to-point correlations or on the spectral scale as lambda-lambda correlations in GI and (1)], thus the ghost polarigram measured according to Fig. 1 , whereas the green data (left scale) depict a direct polarization measurement with a polarizer and an analyzer at a polarization angle θ. The error bars in the correlation measurements correspond to the variance of a set of five measurements. The top picture shows intensity enlarged results for the standard direct measurement of the angle dependence for the camouflaged polarization state.
GS, respectively, whereas in GP the polarization-polarization correlations are governed by the vector nature of the polarization, thus resulting in the rather smooth, continuous correlation according to Malus's law. Our GP results show that polarization intensity correlations can be measured and exploited for recovering a polarization state of a light beam that has not been polarization-resolved. It can be interpreted as a prerequisite of recently proposed ghost ellipsometry schemes [38, 39] that rely on the change of polarization of light impinging on a sample within a "ghost" modality, i.e., the detection of the final polarization state by a polarization-correlated reference beam via polarization-polarization intensity correlations.
Finally, we would like to conclude with a suggestion for exploiting GP in a real-world application. This analogy of GP to ghost imaging and ghost spectroscopy could be exploited in a real-world ghost polarimetry experiment, a saccharimetry metrology experiment [40] in strongly polarization disturbing media [41] , as, e.g., grape most or pharmaceutical solution with scatterers as, e.g., lipofundin where always a clearing filtering procedure has to be requested before measuring the sugar content. Placing the scattering sugar or pharmaceutical solution within the object beam should allow for determining the polarization rotation angle by the sugar, irrespective of the scattering.
Summary:
In conclusion, we have demonstrated experimentally that a linear polarization state scrambled and thus camouflaged in the object arm of a ghost polarimetry experiment can be reconstructed by correlation of the object arm light with polarization-resolved light of the reference arm, thus the ghost polarigram. This demonstrated GP modality is in close analogy to GI and GS. An interesting application for the determination of sugar content or other enantiomorphic substances changing the handedness in strongly scattering media has been suggested and discussed. Furthermore, we suggest the extension of this described GP recovery scheme on other polarization states.
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